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FOREWORD 


This is Volume IV, The Acoustic Far-Field/Near-Field Data Report, of a 
four-volume Final Technical Report prepared by the Advanced Engineering and 
Technology Programs Department, Aircraft Engine Group of the General 
Electric Company, Evendale, Ohio under the joint sponsorship of the Air 
Force Aero-Propulsion Laboratory, Wright-Patterson Air Force Base, Ohio and 
the Department of Transportation, Washington, D.C. under Contract F33615-73- 
C-2031. The inclusive dates for this work were December 1972 through 
August 1975. The work was accomplished under Project 3066, Task 14, Work 
Unit 07, with Mr. Paul A. Shahady (AFAPL/TBC) as Project Engineer. Dr. Paul 
R. Knott of the General Electric Company was technically responsible for the 
work. Mr. John Brausch, Acoustic Engineer, was also a contributor for the 
reported work. 
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SECTION 1.0 


INTRODUCTION 


This report contains acoustic data from a series of acoustic tests 
performed in support of the Phase II effort of the AF/DOT Supersonic Jet 
Exhaust Noise Program. Contained below are descriptions of the nozzles 
tested, the experimental apparatus and test setup, test conditions, a 
description of the data sheets, a recommendation for correcting the data 
for ground reflections, and a tabulation of the data. 
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SECTION 2.0 


NOZZLES TESTED 


Two basic nozzle configurations were tested. One nozzle was a conver- 


gent/divergent (C/D) conical nozzle designed for parallel shock-free flow 


at Mj ~ 1.5 for stagnation temperature operation between 1500° R and 2500° R. 


The second nozzle was a convergent, conical, thin-lip nozzle with a 1/2-inch- 
thick lip adapter. The C/D nozzle design was performed using a method of 
characteristics computer program with corrections for boundary layer displace- 
ment. Both nozzles were water cooled and designed to withstand continuous 
and noncontinuous testing at gas stream temperatures of 3200° R at internal 
total pressures to ambient pressure ratios of 4.0. The C/D nozzle had static 
pressure instrumentation provided for measuring wall static pressures along 
the divergent section of the nozzle and near the exit plane of the nozzle. 

The conical nozzle had an exit diameter of 4.3 inches. The C/D nozzle had a 
4.3-inch throat diameter. Figures 303 and 304 are photographs of the nozzles. 
Figures 305 and 306 are engineering drawings for these nozzles. 





TEN Ey i a a ee LLG ES PLL IT aE TTT bi a i a ka ca ta SM Bale aid a ta i i a STEEP PRS aaa ek 2 7 7 

















& 
fay 
1 
qi 
o 
4 
a 
3s 
bs ba 
; os 
ian 
oO 
@ 
a 
8 
: 7 
ra 
o 
S.. 
Eo 
et 
: cj 
S ®o 
: re} 
‘ 3 a © 
» 
26 = 
ee 
28 
| ow 
Hea 
~ 
aa 
oOo & 
ash 
ren 
"8 
: an) 
se 
= 8 
i 4 
: & 
4 “A 
¥ 7 
4 
] | 
‘ a 
E NY iS seme ace Leslee. eisai panmeeenemetanaastieas - 







" we aye . re = x eee e = ’ = is 2 & Ps ne eye ” peli a F ‘ 
R SRP rmteersreeycesmmeerinnn cx vse mien ite OOD EARL AL LPI ce — - tt tA IETETE RE Rc -— " mie 


ncn fis 


*@TZZON YUSeBZIEAUOD ‘TBOTUOD ‘peTOOD-193BMq ‘1eZOUeTG 4YExXq UODUI-E°P “POS SANST yg 


; 
9 ' 
ig 2 
; 
h 
ies 





1166 


een et he RRS RS EAN TEI REA TET a INE a 


LIAL NEA NN OIRO EET I ON 








nay PARR stat Se ULE aa Ni Ms ea isteeniaianiaee tee eat 














“@ITZZON JUSZIVATG/}USZIIA 
-u0p ‘MOTJ-TOTTe1eg ‘peToop-194eqM ‘1ajouletTg JEON, YOUT-E*P 943 AOZ ButMeig BZutszeceuy~Zuq *SOE ean3Tgz 


-V-¥. NOILI3S 





2 - 13315 S67 ws 
wy ez 








Ss BEL 490 KTHNOWY Ob © ONS 
<I) enn } Mens ‘1392008 “HAs 





ia 


li 
U 


i 















4 
(x A pe a er, 
He SFU IIIY TOIT IZLE 





Diesen | 





——— -- —— -- ———- —  - ——- ———- ——___— - 





Bile GIKL NI NOISNIWG. 
Wry @2 av avi Davis IN | 











888 


oe 
Prrry 
saan 








Hy Bu | B: 
ails =| leer re 
ES gi |e 
a ae 
Be SoM a 
ge allie 
Sie Bae: 
Ty] oA x 







EEE LLL LAA Oe ng ER EL os RE Tibia Rae a USE Se ERED 


PERS Se ea END eR ee eo NE 
AEA lg aia - oe 
rt Eis : wet ah 





*eTZZON 4UeZ 
~I@AUOD ‘TBdTUOD ‘peToOOD-cezemM ‘TEJOMVTG ITXY YOUL-f°F 94} IOZ Butmeaq Butazsceuysuq_ *90E oan3tTq 


V-V. NOILI3S 


32s F-79945 S87 WLS 
saws WY UI wo OF 





Wate Bent Prey eae GARE AOI 


SECTICN 3.0 


EXPERIMENTAL APPARATUS, TEST SETUP, AND DATA ACQUISITION 


The experiments were carried out at General Electric's jet engine noise 

outdoor test site (JENOTS). Sixteen far-field microphones at a height of 

15.93 feet from the ground were used on a 40-foot arc at 10-degree incre- 
ments starting from an angle of 20° with respect to the jet axis. Ten near- 
field microphones were used to obtain representative near-field acoustic 
characteristics. Figures 307 and 308 schematically show the far-field and 
near-field microphone locations. The nozzle centerline height was 55 inches. 
The first 25~foot radius of the test site is concrete, and the rest is large 
crushed gravel. 


The far-field acoustic measurements were taken with 1/4-inch Bruel and 
Kjaer (B&K) condenser microphones (4135); the near-field measurements were 
taken with a B&K 4136 condenser microphone. The signals were recorded on a 
28-channel tape recorder (80 Kz flat response with appropriate correc- 
tions), and the microphones were calibrated with a piston phone and oscillator 


calibrations before each test. The acoustic measurements were reduced in 


one-third (1/3)-octave-band form, corrected to standard day of 59° F, 70% 
relative humidity. The data were reduced to a 40-foot arc distance at model 


scale size. 


The far~field microphones were set on 15.93-foot towers and were also 
fitted with "goose neck" adapters for the microphones to ensure no reflec- 
tions from the tower, Figure 309 shows the "goose neck" adapter. The near- 
field microphones were set in stands at nozzle centerline height (55 inches). 


Figure 310 shows a schematic diagram of the.acoustic recording equipment 
used for the tests. It consists of the B&K microphone system and a 28-channel 
Sangamo tape recorder. All inputs to the recorder are simultaneous, and each 
signal is monitored on a separate scope. 
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B&K Microphone 


3/8" DIA. 


Microphone Set at 15.93' 
above Ground Level at 
40' Hemispherical Arc 


Figure 309. JENOTS Microphone Mount, 
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BK Type 4135 Microphone 
BK Type 2615 Cathode Follower 
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Sound Source 












Power 
Supply 
BK Type 2801 





Amplifier 
1 Per Channel 


Tape Recorder 
28-Channel Sangamo 


Figure 310. Schematic of JENOTS Acoustic Data 
Acquisition System. 


Figure 311 shows schematically the acoustic data reduction system used 


the JENOTS facility. The equipment used for data reduction was: 


Honeywell playback recorder for narrowband analysis 

Model UA-6A Federal Scientific ubiquitous spectrum analyzer 
Option 12913 high-resolution digital analyzer 

Band pass filter systems and Astrodata digital 

Setup and monitoring equipment for data reduction 


This system is designed specifically to perform time-averaged spectral 
analysis of acoustic data. It uses one-third-octave band width filters and 
averages the amplitude of each one-third-octave component, using true 
integration with 30 seconds of integration time. 


Data are played back from analog-magnetic tape into this system. Capa- 
bilities are provided for playback of 1/4-inch four-track, 1/2-inch seven- 
track, l-inch 28track, or 1-3/4-inch 28track tape. 


Data from the selected channel pass through a master amplifier in the 
B&K system and are applied to all 37 filters simultaneously. The signal at 
the input to the filters is monitored by an oscilloscope and an RMS voltmeter. 


The output of each filter is connected directly to a combination detec- 
tor/integrated circuit which has built-in "hold" capability. This enables 
the system to accumulate average signal amplitudes for each of the one-third- 
octave bands and holds these amplitudes until they are read out digitally. 


The scanner connects each detector/integrator output signal, in sequence, 
through the Dymec line-driving amplifier to the Astrodata digital recorder. 
This recorder digitizes the signals and transmits the data to the Astrodata 
control system. 


Automatic controls are provided so that the system, once started, can 


analyze all data channels at a particular data point without manual operations. 





Playback 
Discriminator 


CITT) 


Multifilter 


A/D 
Converter 0.75 Gain Amp 
DDP-116 Computer 
635 635 Std. 
Quick- Look Computer Printout 


Printout 


Digital pop-116 Standard 
Printout 


Figure 311. Schematic of Instrumentation Data Room Acoustic Data 
Reduction System. 
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SECTION 4.0 


TEST CONDITIONS 


The experimental test conditions were so designed as to examine the 
velocity and temperature dependence of high-velocity and high-temperature 
jets. Table 11 shows the number of test points and flow conditions taken for 

the C/D nozzle. Tables 12 and 13 show the flow conditions tested for the 
conical thin-lip and thick-lip nozzles. Table 14 shows the flow conditions 


tested for shock-free jet exhaust operation at elevated test conditions. The 
range of conditions is from 1000 fps to 3000 fps each for stagnation tempera- 
tures ranging from 1000° to 3000° R. These tables are also the key for 


identifying the nozzle and test conditions with the acoustic data sheets of 
Section 7, Volume IV. 
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Table 11. C/D Nozzle Flow Conditions, Acoustic Test, and 
Te j Matrix. 


be 
v 


Rdg No. TPS Pt. No. Pyg/Po Teg,’ R Vy» fps Test Date (T/D) 








1 1 1. 366 1081 1057 5/23/73 
2 2 2.045 1067 1553 5/23/73 
3 3 2.691 1061 1795 5/23/73 
4 4 3.862 1052 2046 5/23/73 
5 5 4.513 1062 2153 5/23/73 
6 6 1.228 1484 1011 5/23/73 
7 7 1.595 1469 1494 5/23/73 
8 8 2.417 1490 2020 5/23/73 
9 9 3.029 1479 2227 5/23/73 
10 10 4.143 1474 2476 5/23/73 
1 11 4.516 1475 2538 5/23/73 
12 16 4.757 1934 2947 — 5/23/73 
13 15 2.816 1904 2453 5/23/73 
14 14 1.891 1921 1976 5/23/73 
15 13 1.411 1925 1478 5/23/73 
| 16 12 1.156 1925 970 5/23/73 
, 1 17 1.120 2362 954 5/25/73 
: 2 18 1. 302 2308 1423 5/25/73 
3 3 19 1.633 2329 1925 5/25/73 
‘ 4 20 2.234 2302 2407 5/25/73 
a 5 21 3.268 2330 2879 5/25/73 
4 6 27 2.643 2949 2968 5/25/73 
; 7 26 1.929 2889 2458 5/25/73 
8 25 1.518 2857 1975 5/25/73 
9 24 1.313 2882 1718 5/25/73 
10 23 1.254 2846 1468 5/25/73 | 
11 22 1.105 2885 987 5/25/73 
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Table 12. Cone, Thin-Lip Flow Conditions, Acoustic Test, T,/V4 


Matrix + Shock-Free Design Line of C/D Nozzle. 





Rdg No. TPS Pt No. Peg/Po Trg,° R Vj,fps Test Date (T/D) 

1 22 1.109 2815 995 5/31/73 

2 23 1.243 3270 1543 5/31/73 

3 24 1. 368 3355 1865 5/31/73 

4 25 1. 500 3316 2098 5/31/73 

5 26 1.949 3271 2634 5/31/73 

6 27 1.654 3276 3134 5/31/73 

7 21 3.263 2576 3024 5/31/73 

8 20 2.231 2339 2424 5/31/73 

are 19 1.639 2398 1960 5/31/73 

ey: 18 1. 288 2375 1416 5/31/73 

1 17 1.126 2343 969 5/31/73 

12 19 3.829 *° 1417 2369 5/31/73 

q 13 20 3.890 1591 2522 5/31/73 

° | 14 21 3.954 1755 2663 5/31/73 

| 15 22 3.990 1946 2812 5/31/73 

| 16 23 4.017 2150 2961 5/31/73 

| 17 24 4.020 2309 3070 5/31/73 

* 18 16 4.797 1853 2892 5/31/73 

a 19 2.818 1850 2418 5/31/73 

3 20 9 3.075 1409 2187 5/31/73 
21 10 4.120 1435 2438 5/31/73 \4 
; 22 3 2.706 1018 1762 5/31/73 | 4 
23 @ 2.426 1444 1992 5/31/73 | a 

24 4 3. 888 1003 2003 5/31/73 

? 1 1 1.347 1033 1010 6/1/73 

: 2 2 2.060 1019 1525 6/1/73 

Py 3 7 1.66: 1441 1539 6/1/73 

4 6 1.222 1436 983. 6/1/73 

5 13 1.393 1908 1445 6/1/73 
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Table 12. Cone, Thin-Lip Flow Conditions, Acoustic Test, T;,/V. 


Matrix + Shock-Free Design Line of C/D Nozzle (concluded). 


‘2 Rdg No. TPS Pt No. Prg/Po Tyg,° R Vj >fps Test Date (T/D) 


12 1.150 1883 942 6/1/73 
24 1.373 3000 1774 6/1/73 
25 1.488 2925 1967 6/1/73 
27 2.657 2947 2973 6/1/73 
15 2.792 1876 2426 6/1/73 
14 1.891 1908 1969 6/1/73 
11 4.512 1453 2519 6/1/73 

5 4.510 1018 2108 6/1/73 





Table 13. Cone, Thick Lip Flow Conditions, Acoustic Test, Shock- 
Free Design Line. 


Pt No. Prg/Po Trg,’ R Vj »fps Test Date (T/D) 


19 3.876 1411 2373 5/30/73 
20 3.916 1624 2554 5/30/73 
21 3.977 1766 2676 5/30/73 
22 4.010 1946 2816 5/30/73 
23 4.035 2129 2951 5/30/73 
24 4.047 2347 3102 5/30/73 


19 3. 863 1447 2401 6/1/73 
20 3.903 1633 2558 6/1/73 
21 3.947 1805 2699 6/1/73 
22 4.014 1979 2841 6/1/73 
23 4.019 2179 2982 6/1/73 


Table 14. C/D Nozzle Flow Conditions, Acoustic Test, Shock Free 


Design Line. 


Rdg No. TPS Pt No. Ptg/Po Tya,° R V: ,fps Test Date (T/D) 
procblirserdinier po nollie geod ef a Eo fel ae ot con i 


12 19 3.837 1415 2369 5/25/73 
13 20 3.925 1575 2517 5/25/73 
14 21 3.967 1752 2664 5/25/73 


22 4.022 1927 2950 5/30/73 
23 4.031 2129 2950 5/30/73 
24 4.065 2326 3092 5/30/73 





SECTION 5.0 


CORRECTIONS FOR GROUND REFLECTIONS 


The JENOTS facility as described in Section 3.0 of this volume has a 
ground reflection interference pattern. At the time when these tests were 
performed, corrections for ground reflections were not available. Since the 
time of these tests, Task 1 of the DOT High-Velocity Noise Source Location 
Program performed a series of calibration tests to obtain correction factors 
for the data to make it effectively free-field. For convenience, these 
corrections are given in Table 15. Thus, to correct the far-field acoustic 
data to free-field, the data contained in Section 7.0 of this volume may be 
corrected by adding the correction factors listed in Table 15. For details 
of how these correction factors were obtained, see DOT High-Velocity Jet 


Noise Source Location and Reduction - Task 1 Report ~ "Activation of Facilities 


and Validation of Source Location Techniques." 
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SECTION 6.0 


DESCRIPTION OF ACOUSTIC DATA SHEETS 


6.1 DESCRIPTION OF FAR-FIELD ACOUSTIC DATA SHEETS 





Figure 312 describes the data sheets found in Section 7.0 of this | 
volume. The "keys" to identifying the test conditions listed in Tables 11 
through 14 and the data sheets are the reading number (Rdg), the Test 
Project Sheet point number (TPS Pt No.), and the test date (T/D). 


6.2 DESCRIPTION OF NEAR-FIELD ACOUSTIC DATA SHEETS 





Figure 313 describes the data sheets found in Section 8.0 of this 





velume. As was the case for the far-field data, the "keys" for identifica- 
tion are the reading number (Rdg), the Test Project Sheet point number 

(TPS Pt No.), and the test date (T/D). Im addition, the near-field micro- 
phone number (NF) is of importance. This number corresponds to the numbers 
designated in Figure 308 (Acoustic Near-Field Measuring Stations). 
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SECTION 7.0 


ACOUSTIC FAR-FIELD DATA SECTION 


This section contains all the far-field acoustic data sheets for the 
test. For convenience, this section is broken into four subsections (7.1, 
7.2, 7.3, and 7.4). Each subsection corresponds to data as listed in 
Tables 11 through 14, respectively. 
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SECTION 8.0 


ACOUSTIC NEAR-FIELD DATA SECTION 


This section contains all the near-field acoustic data sheets for the 
tests listed in Tables 11 through 14. This section is broken into four 
subsections. Each subsection corresponds to data as listed in Tables 11 
through 14, respectively. 





8.1 C/D NOZZLE PARAMETRIC NEAR-FIELD ACOUSTIC TEST POINTS 


Table 11 
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